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(54) PRODUCTION OF FLAME-RETARDANT POLYESTER 

(57)Abstract: 

PURPOSE: To obtain a flame-retardant polyester useful 
for fibers excellent in whiteness and productivity by 
copolymerization of the recurring units of ethylene 
terephthalate and a prescribed amount of a specific 
phosphorus compound under specialized conditions. 
CONSTITUTION: The copolymerization of the recurring 
units mainly comprising the ethylene terephthalate unit 
with 0.5 to 3.0wt.% (based on the P atomic weight) of a 
phosphorus compound of the formula (R1, R4 are 1 to 21 
C alkyl, aryl, monohydroxyalkyl, H; R2 is 1 to 6 C alkyl, 
aryl; R3 is 1 to 10 C alkylene) is effected together with 
an antimony compound, a cobalt compound and a 
titanium compound in such amounts (based on the 
terephthalic acid component in millimole %) as they 
satisfy the expressions: (i) 3<T<10, (ii) 15<S<30, (iii) 3<C 
<15, (iv) 40<4T+2C+S<100 where T. S and C are 
titanium, antimony and cobalt compounds) to prepare 
oligomers. Then, the polycondensation reaction of the 
oligomers is carried out in the presence of a catalyst to 
give the objective polyester. 
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[Claim(s)] 

[Claim 1] The manufacturing method of the fire-resistant polyester which faces manufacturing 

the polyester with which copolymerization of the main phosphorus compounds which consider 

as a unit repeatedly and are expressed with the following (I) type was carried out 0.5- 3.0% of 

the weight considering the ethylene terephthalate unit as Lynn atomic weight, and is 

characterized by the thing which are [ an antimony compound, a cobalt compound, and a 

titanium compound ] satisfied with coincidence of following formula (a) - (d), and to do for 

amount addition as a polycondensation catalyst. 

[Formula 1] 

O O 
II II 

R, O— P — R Q — C-O R . ( I ) 




(the inside of a formula, Rl, and R4 — respectively — as for the alkyl group of 1-6 or an aryl 
group, and R3, in the alkyl group of 1-21, an aryl group, a mono-hydroxyalkyl radical or a 
hydrogen atom, and R2, a carbon number expresses [ a carbon number / a carbon number ] the 
alkylene group of 1-10) 

(a) 3 <=T<=10(b) 15 <=S<=30(C) 3 <=C<=15(d) 40 <=4T+2 C+S<=100 (T, S, and C express 
among a formula the addition (millimol %) to the terephthalic-acid component of the titanium 
compound added as a polymerization catalyst, an antimony compound, and a cobalt compound, 
respectively) 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the manufacturing method of fire-resistant 
polyester. It is related with the approach of manufacturing the fire-resistant polyester suitable 
for obtaining the fiber which combines advanced fire retardancy and a good hue in more detail 
with sufficient productivity. 
[0002] 

[Description of the Prior Art] Giving advanced fire retardancy to polyester fiber with a 
safety-oriented rise is called for in recent years. The approach of carrying out copolymerization 
of the flame-retarder component at the time of (1) polyester manufacture, the approach of 
blending a flame retarder in the phase from (2) polyester manufacture to spinning, the method 
of processing (3) polyester fiber by the processing agent containing a flame retarder, etc. are 
conventionally proposed to this demand. 
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[0003] In these approaches, an approach to carry out copolymerization of (1) to the fall list of 
the fall of the hand of fiber and the silk manufacture nature of the flame retarder at the time of 
silk manufacture depended for beginning to bleed from the viewpoint that there are few 
fire-resistant falls in post processing of fiber or wash is desirable, and as a flame retarder, since 
it said that it was hard to generate toxic gases, such as halogen gas, at the time of combustion, 
phosphorus compounds are made desirable on safety. 
[0004] 

[Problem(s) to be Solved by the Invention] however, by the approach of copolymerizing the 
ester plasticity compound of three organic functions, such as phosphoric ester, as phosphorus 
compounds (Japanese Patent Publication No. No. 22958 [ 49 to ] official report etc.) Amount 
copolymerization cannot be carried out. enough, since it will become easy to produce gelation if 
a copolymerization rate is made to increase, although the good polyester of white degree is 
obtained — There is a fault which becomes inadequate [ fire retardancy ] and, on the other hand, 
by the approach (Japanese Patent Publication No. No. 13479 [ 53 to ] official report) of carrying 
out copolymerization of the specific 2 organic-functions ester plasticity phosphorus compounds 
Since gelation is satisfactory and the amount of copolymerization was increased, although 
sufficient fire retardancy was acquired, there was a problem that the good polyester of a hue was 
difficult to get, slow [ the rate of polymerization at the time of polyester manufacture ]. 
[0005] This invention cancels the trouble of the above-mentioned conventional technique, 
combines advanced fire retardancy and a good hue, and aims at offering the approach of 
manufacturing the polyester suitable for manufacturing fire-resistant polyester fiber with 
sufficient productivity. 
[0006] 

[Means for Solving the Problem] the time of copolymerizing specific 2 functionality 
phosphorus compounds in polyester, as a result of inquiring wholeheartedly, in order that this 
invention persons may attain the above-mentioned purpose — a specific polycondensation 
catalyst -- specific ******************** j t f ounc j ou t that both the problems of fire 
retardancy and a polymer hue were solvable to coincidence with things, and this invention was 
reached. 

[0007] Namely, the manufacturing method of the fire-resistant polyester which faces 
manufacturing the polyester with which copolymerization of the main phosphorus compounds 
which consider as a unit repeatedly and are expressed with the following (I) type was carried 
out 0.5- 3.0% of the weight considering the ethylene terephthalate unit as Lynn atomic weight 
according to this invention, and is characterized by the thing which are [ an antimony compound 
a cobalt compound, and a titanium compound ] satisfied with coincidence of following formula 
(a) - (d), and to do for amount addition as a polycondensation catalyst, [0008] 
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[Formula 2] , 

O O 
II II 

R, O-P-Rj -C-OR j (I) 

*2 



[0009] (the inside of a formula, Rl, and R4 - respectively - as for the alkyl group of 1-6 or an 
aryl group, and R3, in the alkyl group of 1-21, an aryl group, a mono-hydroxyalkyl radical or a 
hydrogen atom, and R2, a carbon number expresses [ a carbon number / a carbon number ] the 
alkylene group of 1-10) 

(a) 3 <=T<=10(b) 15 <=S<=30(C) 3 <=C<=15(d) 40 <=4T+2 C+S<=100 (T, S, and C express 
among a formula the addition (millimol %) to the terephthalic-acid component of the titanium 
compound added as a polymerization catalyst, an antimony compound, and a cobalt compound, 
respectively) is offered. 

[0010] This invention is explained below at a detail. Although the polyester as used in the field 

of this invention sets the polyester with which copolymerization of the main bifunctional 

phosphorus compounds which consider as a unit repeatedly and are expressed with the 

following general formula (I) as a fire-resistant component was carried out in the ethylene 

terephthalate unit as the main object, it may copolymerize other copolymerization components 

within limits which do not check the purpose of this invention. 

[0011] 

[Formula 3] 

O O 
II II 

Rj O — P — R 3 — C — OR 4 ( I ) 

[0012] The inside of a formula, Rl, and R4 A carbon number is the alkyl group of 1-21, an aryl 
group, a mono-hydroxyalkyl radical, or a hydrogen atom, and it is R2. A carbon number is the 
alkyl group of 1-6, or an aryl group, and it is R3. A carbon number is the alkylene group of 1-10. 
As an example used preferably, for example (2-carboxy ethyl) Methyl phosphinic acid, The 
ester of methyl phosphinic acid and ethylene glycol, (2-carboxyl ethyl) Ethyl phosphinic acid, 
methyl (2-methoxy carbonylethyl) phosphinic acid, (2-carboxy ethyl) By the ability raising 
[2-beta-hydroxy ethoxycarbonyl ethyl] methyl phosphinic acid, methyl (2-methoxy 
carbonylethyl) phosphinic acid methyl, etc., these could be used independently, or could be used 
together, and condensation of these compounds could be carried out further. 
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[0013] It is made for the- Lynn atom content in the polyester with which the amount of 
copolymerization of these phosphorus compounds is obtained to become 0.6 - 2.0 % of the 
weight preferably 0.3 to 3.0% of the weight. Since the physical properties of polyester fall 
greatly in fire retardancy is inferior when the amount of copolymerization of phosphorus 
compounds is under the above-mentioned range, and crossing the above-mentioned range on the 
other hand, it is not desirable. 

[0014] Next, since polycondensation time amount extends in the phase of a polycondensation 
reaction anaphase although what is necessary is just to add in the phase of the arbitration of 
polyester manufacture in order to copolymerize the phosphorus compounds to apply in polyester, 
it is desirable to add from the time of an esterification reaction or an ester exchange reaction 
being completed substantially before the early stages of a polycondensation reaction, moreover, 
phosphorus compounds are beforehand used as a diol component or other solvents, you could 
make it distribute and dissolve and the pyrogenetic reaction of them was further carried out to 
the diol component beforehand — adding after mixing may be carried out. 

[0015] In this invention, in case a polycondensation reaction is carried out after adding the 
above-mentioned phosphorus compounds, it has the greatest description at the point which uses 
together an antimony compound, a cobalt compound, and a titanium compound at a specific rate 
as a polycondensation catalyst. That is, it is important to use at a rate of satisfying a (following 
a) - (d) type. 

(a) 3 <=T<=10(b) 15 <=S<=30(C) 3 <=C<=15(d) 40 <=4T+2 C+S<=100 [0016] Here, T, S, and 
C are the amounts of the titanium compound added as a polymerization catalyst, respectively, an 
antimony compound, and a cobalt compound, and express the rate (millimol %) to a 
terephthalic-acid component. When a polycondensation reaction rate becomes slow when the 
addition of a titanium compound is under the above-mentioned range, and exceeding the above 
on the other hand, it is not desirable at that (b value by the hunter mold color difference meter 
becomes high) to which the color tone of the polymer obtained falls. 

[0017] Moreover, since it is in the inclination for L value to also fall while b value becomes low 
too much, in b valued becoming high about the color tone of the polymer obtained when the 
addition of a cobalt compound is said under range preferably, since L value by the hunter mold 
color difference meter of the polymer obtained when a polycondensation reaction becomes slow 
when the addition of an antimony compound is said under range, and crossing the 
above-mentioned range on the other hand falls and exceeding conversely, it is not desirable. 
[0018] Furthermore, since the color tone of the polymer obtained gets worse in T, S, and C not 
satisfying the aforementioned (d) formula, but a polycondensation reaction rate's becoming 
inadequate when 4T+2 C+S is under the above-mentioned range, and crossing the 
above-mentioned range on the other hand, it is not desirable. 
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[0019] What is necessary is not to be limited but just to carry out also with the addition stage of 
the above-mentioned polycondensation catalyst, in this invention, according to a well-known 
approach conventionally, especially if it is before polycondensation reaction initiation. For 
example, it can manufacture by carrying out a temperature up and performing a 
polycondensation reaction at the temperature of 250-300 degrees C, adding the 
above-mentioned polycondensation catalyst to the acquired resultant with the phosphorus 
compounds expressed with the aforementioned (1) formula, and making [ carry out an ester 
exchange reaction, adding manganese acetate and carrying out a temperature up gradually by 
making dimethyl terephthalate and ethylene glycol into an ester interchange catalyst, ] it it 
gradually subsequently to the high vacuum of 1 or less mmHg. 

[0020] In addition, it is also possible to carry out concomitant use addition of the additive 
currently generally used, for example, the tetraethylammonium hydroxide which is an ether 
linkage inhibitor, the titanium dioxide which is a ****** agent, other fire-resistant assistants, 
carbon black, an antielectric agent, the thermostabilizer, etc. by the manufacture approach of the 
fire-resistant polyester concerning this invention. 
[0021] 

[Function and Effect of the Invention] In order to satisfy advanced fire retardancy and an 
advanced mechanical property to coincidence conventionally, the approach of copolymerizing 
the ester plasticity phosphorus compounds of two organic functions in polyethylene 
terephthalate is proposed by for example, the Japanese Patent Publication No. No. 13479 [ 53 
to ] official report etc. however, the antimony polycondensation catalyst usually used in case the 
phosphorus compounds used here are presumed because copolymerization nature with 
polyethylene terephthalate is low and the polycondensation of the polyethylene terephthalate is 
carried out — if, and polycondensation reaction time tends to become long and it is going to 
obtain sufficiently high-polymer polyester, the color tone of a polymer will get worse - ** (L 
value by the hunter color difference meter becomes low, and b value becomes large) — there was 
a said problem. 

[0022] On the other hand, in the manufacturing method of this invention, although the detailed 
reason is unknown, by using the compound of titanium, antimony, and cobalt at a specific rate, a 
polycondensation reaction rate is improved and the color tone of the polymer from which 
operation and the interval that polycondensation reaction time can be shortened are obtained 
improves remarkably. 

[0023] Therefore, it excels in a mechanical property, and the polyester fiber which has fire 
retardancy good [ white degree ] and advanced can be easily obtained from the fire-resistant 
polyester by this invention, and the industrial value is size very much. 
[0024] 
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[Example] Although an example is given and being hereafter explained further to a detail, this 
invention is not limited to this. In addition, the section in an example shows the weight section. 
Moreover, the following approach estimated various properties. 
[0025] (1) Intrinsic viscosity [eta] 

It was measured at 30 degrees C, having used the orthochromatic KURORU phenol as the 
solvent, and it asked for it with the conventional method from the relative viscosity. 
[0026] (2) Color tone (L value, b value) 

L value and b value showing the color tone of a polymer are a value measured using the hunter 
mold color difference meter, it is shown that white degree is improving, so that L value is large, 
and it is shown that the yellow taste is so strong that b value is large. That is, it is shown that a 
color tone is so good that Lvalue is large and b value is small. 

[0027] (3) the fluorescence X-rays originating in the Lynn atom of the Lynn content profit **** 

polymer were measured, and it computed from the luminescence reinforcement. 

[0028] (4) According to the conventional method, measurement evaluation of the fire-resistant 

limiting oxygen index (LOI value) was carried out. 

[0029] 

[Example 1] The dimethyl terephthalate 100 section, the ethylene glycol 54 section, the calcium 
acetate 0.063 section (69mmol% pair dimethyl terephthalate), and the cobaltous acetate 0.013 
section (10mmol% pair dimethyl terephthalate) were taught to the reactor which formed the 
agitator, the fractionating tower, and the methanol distillate capacitor, the temperature up was 
gradually carried out from 140 degrees C, and the ester exchange reaction was performed, 
making the methanol generated as a result of a reaction distill out of a system. Inside ** 
amounted to 220 degrees C in 3 hours after reaction initiation, and the methanol 33 section 
distilled. It is a stabilizer here, the trimethyl phosphate 0.058 section (80mmol% pair dimethyl 
terephthalate) — adding — after 10 minutes — the antimony-trioxide 0.072 section (20mmol% 
pair dimethyl terephthalate) and the acetic-acid titanium 0.0045 section (5mmol% pair dimethyl 
terephthalate) — adding — further — the product 6.0 section which was made to carry out the 
pyrogenetic reaction of 2-carboxy ethyl methyl phosphinic acid and the ethylene glycol 
(1: 1-fold quantitative ratio) as phosphorus compounds after 10 minutes, and was obtained - 
adding - further — the titanium oxide 0.07 section was added after 10 minutes. Subsequently, 
the acquired resultant was moved to the reactor which formed the agitator and the glycol 
distillate capacitor, and the polycondensation reaction was performed, lowering a pressure to the 
high vacuum of ImmHg from ordinary pressure, while carrying out the temperature up to 282 
degrees C gradually from 230 degrees C. The melt viscosity of the system of reaction was 
pursued, and the polycondensation reaction was ended when [eta] was set to 0.660. 
[0030] The time amount which the polycondensation reaction took is 210 minutes, and it was 
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satisfactory for productivity. Moreover, the color tone of the obtained polymer had [ L value ] 
65.0 and b value as good as 4.1, and the Lynn content was 0.685 % of the weight. 
[0031] According to the conventional method, spinning was performed at the spinning 
temperature of 285 degrees C, the polymer obtained succeedingly was rolled round the rate for 
1500m/, and non-extended yarn was obtained. It converged and each non-extended yarn was 
made into about 500,000-denier tow by extension yarn conversion. At the liquid bath 
temperature of 75 degrees C, liquid bath extension was performed from 3.5 times as many draw 
magnification as this at 4.5 times so that the residual ductility of extension yarn might become 
about 30%. After carrying out fixed-length heat treatment for about 5 seconds by 165-degree C 
heat drum lifting succeedingly, the Ken ****** was carried out, and it cut into 38mm after 
desiccation at 120 degrees C, and considered as the staple fiber. Using this staple fiber, spun 
yarn is made by the usual approach and it is eyes 250 g/m2. It considered as plain weave, and 
the heat set was respectively performed with fixed-length one for 180-degree-C 1 minute, it 
considered as the textile, and the fire -resistant evaluation result was shown in Table 1. 
[0032] 

[Examples 2-5, the examples 1-8 of a comparison] The polymer was obtained like the example 
1 except changing the polycondensation catalyst to be used into Table 1 like a publication. A 
result is united and shown in Table 1. 
[0033] 
[Table 1] 
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